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L. i3rief kistorical reviei7 

6. Griffith - 1323, uA,encapscated, .aviniLenL &variants of cne qecific 
tyl;e transfcrmed into fully encapsulated and virulent cells 
of a different specific type L 

Zxanple and technique: 

Type II B ->Tfpe Ii1 S 

R st2A.n incapbie of causing fatal bacterenia 

Heated Tne III suspension contained no virhle orgmisms. 
Thus, R cells accuired capsuiar structure h?.ti 
serological specificity of Type III. -- 

.. --.. 

Slide 1 iilustrates phenomenon 

1. Mumerouq types of ~neumococcus 

2 . '--. . Ty+ speci~.'lci;y - depadent or+ presence in cr?sule of a 
polysacchsride chemicallq Cistinct and serolo.+klly 
sptcSlc for each Lype. 

1 3. Capsule is izm3risloglcsl unLt of type specifici+J arid. 
accessory structure essential in determining invasive 
c;;;:scitjj or organism. 

. . :.. 
c.. , 'i 

\ ". 

4. Under certain cultural conditions enzymes concerned in 
synthesis of capsular mzteriai may be sugg-essed or lost. 
'vi'ith loss of capsule cell loses its type specificity and .. 
invasive properties. *ii fern. Reaction often reversible - 
animal passage; anti-2 serm. Reversion always back to 
type from xhich it came. Keversion ‘SF R different from 
transformation. . 

5. In lztter instmce, R acquired the capsule and type 
specificity 0, f the encapsulated cells used to induce the . reaction. 

/: - B. Confirmation of phenomenon ,.. 
91 . NeiTfeld and Levicthai 

2. Baurhenn - 1932 
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C. IXiUCtiOn in vitro 

2. AL~OCEY 1532 - (ceil-free extracts; transforming principle in soldle fcxrm) 
Berlrefeid filtered 

Hence in test tube as in mice, shomed tran sr'orzation induced 
and s&ec:i-gely r2etermined IZJT ty;e specificity of S cells used. 

D. virus - f ibrom&m~yxoma ,-.U.-- 
1. Berr,, and Decirick - 1536 I 

Living fibroma vizus + heat-kilied m-floma+rabbits induced 
m~yxonatosis. 

2. Berry 1937 . 
-- 

Induction by suspexions of xasheci eiementary bokiies of myxoma. 

3. Confirmation by number cf.investigators. 

Zresen: Study - more %etailed analysis of phenomenon; attempt to determine chemical 

nature of transforming principie. t $k , 
- r d 

Xodel : Type II &Type III. 72 :F P f:. . 
itoxw,C (' +& ri T*-. ~.-x 

:,, ' 

c  
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I/ * 1-t , 
II; Culturai Conditions - certain conditions requisite 

1 
@ r>jii;pi.i,t u-.~..~s~ &i(. i : + . ,'.$'.: ,,* ;(a i$,,li; 

j t I 
A. Broth - optimai for growth. Individual anti unpredictable variations in 
4 capacity to support transformation. These largely eliminated by 

charcoal adsorption (UacLeod and Mirick) 
- 

B. Serum or serous fluid 
- \-------.-" 

1. Ant&& serum first used because of capacity to promote reversion of 
B-homologous S. 

2. ascitic and chest fluid and normal. swine serum 
anti-R) -II- 

3. Present study - human pleural and ascitic fluids used. 
t e_l..-^-.__ _,._cr -.- .x.w-cIs -- 

" i . _ . . Effectiveness Oi ClZierlnt lots varies. # ----.---- Differences not dependent a 
on content of R antijodies, -‘*+---s~~esting other factors involved \ fi.; tF.fcZ,(, 

- various animal 
CA-+ -,:" f ::,.: 

sera irrespective of immune qoperties contain ", 
enzyme that destroys transforming principle. 

mzyme inactivatec EZ 6b650~. Eieating may rencter ineffective 
sera effective. 



6. Properties of serm; - stable; may be stored in refrigerator m:*ny 
mofizhs 2nd retain original effectiveness. , 

Eiecogcitioc of serum factors and properties faciiitLted 
Standardization of culturai conditions required Zor ccnsistent 
and reproducioie results. 

C. R strain (336hj - c&rived from Pneumococcus Type II 

1. Characteristics -' r&ativeiY fixed in 2. phzse; never - sDontsneccsly --I 
reverts. ?.e_ceatea attempts to cause reversion unsuccessful. 
SZFZin susceytibie to transformation to variety of different S  types. 
(I~~~pr--a~&-;;I~) 

~ ,_._,_.._,_,,_.-, . . ..s_. . ..-. - -.-._a...-__. --- _._,_,.._ - ." ._,...-_ _--,'."- _ .. --- - 
-- _3-' 

2:.Dissociation _ on serial tr-;r,dfer in jiood broth %  strain undergoes 
spontaneous dissociation+-number of varients di.stinguishable by 
colony form. Criiy 3J6S suscejtibie; other variants ail icactive. 

%+pAti c yphilv~3il 4 ~~+d swab % ;he ,+-4,. 
Bqhasizes care requisite in selection of suitabie Z-veriant. 

3. Intracellular ex$zme _ -e--. - ~nexxcoccai celis release u_3oz autoiysis an 
enzyme th2’t destroys activiti/ of transforming extracts. Im5ortant _ 
in the cu.lturai conditions oZ inducing transformazix ark in the 
extraction of transforming princi$le from pneuococcai ceiis. 

TO obtain consistent reproducible results, bear in minti: _c____------ ---I___ 

1. R strain may undergo spontaneous dissociation giving rise to ."I_-----. -- --.___ ----'- 
other varian-irE:Zbie of res?oncmg to trznslorming stimuhs. 

2. Pneumococcai cells contain intracellular __.. ..__ -_ _ _._-. ..-. .-.. ~-.-- enzyme which when released 
destroys activity of transforming prin~i~%Y ' 

Hw, imoortant to select reactive strain and to prevent -.--A-- ____._.__ -*~*-....~.~*^'~. .-. 'I"..".,-y.-- .-*- 
11 aestr-dctlve changes associatea with autolysis., L__I_c__^ ._.-__ -%s.. 

II. Transforming principle 

Quantitative titration of activity of transforming material. ---...--.-...-_. 

Steriie materiF.$.Lserinliy diluted in saline at neutrai PH. - ._.. _ _ ,?' -A.. 
->~~,..c$c- o- ea.+ dilution added to three or more tubes containing 

2 ccc.~~ c broth to ~kich 10 per cent serous fitid has been added. ws..... - luDe~ seeced y;ith 0.05 cc.o~-e-~~-%"" 
broth cdtu*e 0: the"'g ms'&&' (R36X) . 

cllution of a 5’8 hour blood 

C-Ltiires incubsxcl 3'7'0 for 18-2.4 hours. _. - _.-_ ;i-7lf;i-,': -_ __ _ in serum rredium 
causes the R cells L?_?gglutin?~e ,&zing grocth. 

_ .--2. - 
--!Ei~Xggiutinated 

CllXl~S setEZ-'to~~wo&ttom ‘bl‘tttik leaving clear su?ernatant. Tiben 
tr~r.s~or~~~-~~~:'occ.~.s,' '&l&psu;< c L -' L: 
antibodies gro:;: Cifr’USeLy; 

Gbec y cells unaffected by tke R . 

Ey inscection“ klc;n~e 
~sq&k~an~ becoming uniformly&n-bid. . . 

can distinguish tentatively betxeen positive 
and negative resLts. 

- _ _ _ - _ -.- __-__ 
--. .__---- 



A. Source ioaterial 
,p--.-,.---- 

1. 75 iiter lots of culture of l?Jpe III gnemococcus. ---..-. ____,_._ ---T-. 
Young_, actively groe-ing (16 hr.) -C I._^C_._., .--.-. . . . . ..a 

2. CGiieCted on Sharples centrifuge. ----.---.- 

3. Cells resuspende.&-.in saline - heat-ki&le,d. 65!.C,.,.33 1 
TiiG tenpera&re inactivates enzyize kno-~~~.t,o. destroy t. p. ; __.__-.. -.-- . .-.. .-. , 2. _.~. - .- 

a. Zitraction -- 

1. Heated cells washed 3 t+es Txith 
~o~~s~~&&k~e ; . -. _. saline, rerzoving iarge excess 

capsular -_..- zxh protegn, ribonucleic acid and ..C 
polysaccharide - 1%15 per cent 'ib>s of transfoming naterial. 

- -__.., .,.., . . . / .__.____ __.. ._ -. 
2. Extracted aith saline containing 0.5 per cent soii~ desoxycholate, ----- 

by mechanical sh&ing. Repeated 3 times. 

3.' Extracts conbined, precipitated by excess ethyl aicchol. Ppt - 
flomnz fibrous mass. Redissolved in saiine. 

C. Deproteinization and Removal of S polysadcharide : - 
\ ._ _-_-___. ^ ..._. -__.. --"*.-. 1. '1.-w r . . . -..- .- 

1. Preliminary deproteinication by Sevag chloroforn method. About 3 times 
_I__---- 

2. SIII Enqme ~ur-qly=es-~~pe.iIT.capsular poiysaccharide. &-q-matic 
ores'~d&ii-'tii4.la~~y complete 4-6 hours 
activity. 

- evidenced by loss of serological 
I 

3. Reprecipitateci by alcohol. Deprotainization repeated until no further 
protein-chloroforn get at interface. >' . '. 

'D-.. Alcohol fractionation : . : ', 
7'--.. .-_._ I ..,. +- -- _ ..____ 

1. DrOpxise addition of absolute ethyi alcohoi with constant stirring 
. 

2. At critical concentration - 0.8 - 1.0 volme - fibrous strands 
separate out and collect on rod. 

3. Repeated 4-5 times 

4. Yield of fibrous titeriai = lo-25 P=. par 75 liter lot znd reoresents 
rcajor portion of active material ii - cruae extract. 

____ -_-_. -_-__ --- 
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E. Effect of temperature 

1. .%trsction less et'ficient but activity best preservec when 
procedures are carried out at O"-40C0 

IV. .Anaiysis of Purified Xaterial , 

A. General properties 

. 1. Saline soiutions (1 mg./cc) - colorless, viscous, cle.2r in diffuse 
light. In strong transm itted light, siiky sheen on stirring. . 

2. Preservation - saline solutions retain activity 2-40~. at least 
3 months. Longer periods in frozen state in CO2 cabinet&--fiCG / 
In aqueous solution rapid decrease in activity; completely inert 
in few days. 

. _- /-- c - ..---- --. 
Material preci$tated fp saline soiutio~lcGhci*~d -y 
stored under alcohol remain active forlong-Periods. se ,---.. - 

3. Effect of temperature - withstands 30-60 m in. 65ac. 
Higher temperaturesnot tested. 

4. Effect of pB - activit;r rapidly lout at acidities gre&ter than pH 5. 
Best preserved at neutral or slightly alkaline reaction. 

B. Qualitative Chemicai Tests 

1. Biuret and $iilion tests negative - even on dried material - 
.; =__ 2. Dische diphenylamine reaction for desojryribose strongly positive 

.- 
3. . Orcinol test (Biai) for ribose weakly positive. HOcever, in similar 

.concentrations pure prepmons of desoxyribonucieic acid,of 
animal origin prepared by different methods give Bial reaction of ._ 

._, ::__ corresponding intensity. y: . . -1. ..i -& -,i. .-.G,:) . .,"~f7‘" . . ,.. -_ 4. ;- Lipids - no specific tests. Crude material repeated extracted ;.:.- 
....: '- with alcohol and other -12OC. without loss of activity. 

: . . _ . Repeated alcohol precipitation and treatment with chloroform  , ,~, ..,' 
: .; _' results in no decrease in activity. ,, I _. :.. .' . :. ,I I. .*. . :. i: I' L : ;_ .. ,.-, . .- .-4. . . , 'C. :Elementary Cnemical Analysis (Dr. Elek) ., -; . . _ - ,. ..,;*;;;;z-" y: : I$ : __ ,. : y 'r j 

_. -. I .A' .: ,:.. . . ., Slide 3 1.. ., . -;: '1 i 
'., ,. :: N/P ratio varies from  1.58 - 1.73. Average vaiue 1.67. .I 

". .. / : :. 
. . Close agreement with thzt CaiCuleted on the basis of the theoretical 

structure of sodium desoxyribonucleate. I I 
N/P ratio indicates little prctein or other substance containing 

N or P  present, other?Jise r-&&n,would be considerably different.... 
m &  0 . 

.- 



D. Znzymatic Analysis 

1. Crysthliine enqymes (Northrop and KUlitZ) 

Trypsin, ch7ymotriysi-n ant ribon;lclease - no effsc$ on activity. 

Pepsin not test:* because ?H required for 
- w r-.t; or pr0fk1 54qabl~ I: 6dh ffip 

action itselr 

2. Crude enzymes 

Dsinteqtinnl mucosa - Devene iire 
Rabbit bone phosphatase - &rtland 
b% kidney yhosghatase - dibers, 
Pn&jilococcus autoiys;ltas 

.-. ., _- N,ormal dog and rabbit serum. 
. 

Dillon - po~~~~cleotidaS~-~r=~ra~ic~. . . 
and Eobison 
A. and E. . 

Paralleiism betaeen enzyme that causes degolpe&ation of kmxm 
samsies of desoqri.bonucieic.acid and t'nat which destroys activitiy 
of transforming principle. Irrespective of phosphatase or esterase 
activity, pnljr those preparations shovm to contain an enzyme carjable 
of depolymerizing authentic samples of DRU were found to inactivate 
transforming principle. _. 

sf / 
3. 'Differential Heat Inactivation of Dog and flabbit SeArum 1 i,% 1.t' -- _^--.- dC.------ 

tested on partially Purified preparation of 

unheated is capable of . . - b. I 
-_ I 

, : :,exposure to 65OC. is required for complete inactivation of the 
c : ;~:corresponding enzyme in normal rabbit serum. 

,"_ _ '. ; - :.'r 
-:Same samples of serum also tested for depolymerase activity on 

. . 
. . 

z. sodium desoqyribonucleate. 



Siide 6 

7. 

-- --^."-.""-"s"."wa._.-..~ 

Data in Slide 6 show the di"ferentin1 heat inactivation of the -..-&--.w." L--p...- _.___.-." - ---.... .-e..... .""" 
ciepoiymorase in dog and rabbit serum. 3ith unheated serum of -. -..._ b~st~a$Q~c i 6 s , -.; .,. .- _ .-. -. ."..._. .'j visoosity rell to tnat of water in 5-7 hours. ---I - "____ . .- -A"*.- 

Dog ser4 heated at 60 and 65%. -- __.... -.- 
?i3'EY$Xy after 22 hours. 

- no significant reduction in _ fl icy" ---. - "_""_ . - 

On the other hand, w- ----., . ..." . _ __ heating rabbit ser.w.at.60cC. merely red-iced 
the rate of reaction.'" 

.650c. 
2 

;,,A ,L~ g;. 
The depolperase ivas~cornp~%~ly~-destroyed at 

Thus, striking +rallelism bet;-reen temperature ol" inactiva-,ion of 
. depoiymerase and that of tne enzyme Nhich destroys T.P. (shozn In 

by exposure to this temperature. 

'. Of various substances tested oniy sodium fiuoride found to exert 
. significant inhibition kn~~.n to destroy transforming principle. 

Irrespective of l&ether this enzyme derived from pneumococcal c&ls, 
dog intestinal mucose or normal animal sera, its activity is 
inhibited by fluoride. Similarly, found t1hzt fluoride inhibits the 

.. enzyme causing dsgolyderieation of D.iLK‘.A. 
: 

5. The fact that transforming activity is destroyed only by enzyme prepa- 
rations known to contain depolyr4erase for D.R.N.A. and further fact -_ ". :, that in both instances the enzymes concerned are inactivated at the 

,,.same temperature-and are inhibited by fluoride provide additional ', z evidence for the belief that transforming principle is a nucleic 
.. acid of the desokyribose type. T. . 

: " .;.. > : f . E. FSe&logical Analysis 

i'. Progressive 105s of serological activity with chemical purification, 
without corresponding loss of activity. 

2. Highly p&.fied transforming principle. Only faint tract reactions 
with high titer TypeDI raboit antiserum. Indicates elimination 

'during purification of such serologically reactive substances as 
S, P, and C. I I 

/' t 
3. Contrast beWeen biolo:icai activity and seroiogicsl reaction. 

--- 



F. Physicai Cherr,ical Studies (PreP. jf4&) 

1. Ultracentrifugation (Dr. Aothen) 

a. Single, sharp boundary - indic~U-A, --+iv substance homogeneous and 
molecules uniform in size and very asymmetric. ' 

b. Biological activity sedissnted at same rate as boundary. 

Molecular weight - cannot be accurately determined pending 
measureinent of diffusion constant and partial specific voiur;le. 

However, Tennent and Viibrandt have determined the diffusion 
constantof several preprations of T.N.A., the sedkzentation 
rate of which closely agrees with that observed in the present 
study. Assuming thit tine aspnetry of the molecules is the 
sane in both instances, it is estimated that the molecular 
weight is of the order of 500,OOO. 

2. Electrophoresis (Dr. Snediovsky) ..; -- - . :-- -,. '. . -“. : -I .$,"k. 
a. Single electrophoretic component of relatively high rnob~it~~~~~~~~~,~~~~~~. 

I comparable to that eqectad of a nucleic acid. -. -. I -. ,) :i; '. . _.... -'.-.y,l <-' . ‘; 
-. : 

b. Transfoxking activity associated with this fast-moving component . 
giving boundaqJ. 1 .-I 

..\ . .\ 

. c. Thus, in both the centrifugal.and electrical fields, behavior of 
.active material consistent with the concegt that biological 
activity is a yroper<y of the highiy polymerized nucleic acid. 

: 3. Ultraviolet spedtrosco?y (Dr. Lavin) 

:. a. 'Absorption curve8 shoiyed maxima at 2600 i and minima in the 
region of 2350 A. . 

: 
I  b. -.:- I Findings characteristic of a nucleic acid. . > ., 

G.-’ Quanktative Deter&nation of Biological Activity , .-.' ,, 
. . !: :. 

;. > 
. . :I . . 

-.l. -,.Various Preparations of highly purified material active in amounts . 
L.C .ranging from 0.02 .. - 0.003 micrograms 

_’ 

Titration of activity of Prei. #& - preFed j.n cold; 
high activity; N/P ratio.= 1.58 

On the basis of dry weight - 0.003 nicro&ms is effective in 
trans,formation. 

. 

Since the.reaction system containing the 0.003 microgras has a 
volume 2.25 cc. this rapresents..a/final concentration of the 
purified substance of 1 part,~60~,000,000. 
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I 
Giscussion ids. ill;'!. 

/ i;;,,r, NC. 
72-157 -4 

,.( j- . . 
. Although the observations are'iimited to a single example, they 

. * acquire broader significance. from the work of earlier investigators who 

demonstrated, the interconvertibility of various pneumdcoccal tjrpes and 

_ shomed that the spe&.ficity o : the changes induced is in each instance 

determined by the particular type of encapsulated cells used to evoke the \ . 
reaction. 7. .F'rom the point of view of the phenomenon in general, 

. 
it is of special interest that in the example studied, higuy purified and 

i protein-free materialconsisting largely, if not exclusively, of desoxy- 

ribonucleic acid is capable cf stimulating unencapsulated 
. 

R variants of 

: 
.i,tieumoc'occus Type IIto produce a capsular polysaccharide 

-.. . . 
identical in 

_._. .' ':' _ ._ :I _' -'i' I-. .-- ,-.- :.ij. " _ 
type sqecificity with that of the cells from which the inducing substance' . : .?rT. -- - 

.,, '. -.; t - 1.: 5 -s:+.kt;,. . 
r; ._: '.... 

, .*-.~~~~~~~~~~~~~~~I 
: .. -7. :.p- ;G I'-> .‘" :,. 

(- :.: ._ 1: .-. : I '., was isolated. Equally striiin g is the fact that the substance evoking-the-::! --..'--7T'%y : 
_... :- : ,:- ; f _ -::;, . 

. -:.., . 
.(--y _.. ,i -.::,. ':.. . . ; ,z. :y:. - reaction and the capsular substance produced in response to it are chemically 

_. .,' .:..i..-? -.!.!Y ..'--.' -cl-- ': . -. .'3,/., _- .j 
;.-A- 2.;..., , I' .I..- 

. . .i.' ': .:'..:;,.* y., distinct, each belonging to a wholly different class of chemical compounds. . _. .; :: ..<>. :.-+..'~j,'.~._ ,__. .: :, :- k' 
.:. _' ._ .I:. ;I :-: ~ 1 I: -. The inducing substance, on the basis of its chemical and physical 

/ 
,._ ; ,' 

.:-. . . 'properties, appears to be a highly polymerized and viscous form of &I&&S 
,._ .‘. . , 

‘i 

desoxyribonucleate. 
n&i li f 

.: - 

On the other hand, ty,.Type III c2psul2r E+&&BCQ 9 

r 

the synthesis of which is evoked by this transforming agent, consists chiefly 

of a non-nitrogenous polysaccharide constituted of glucose-glucuronic acid 

-.- __--- --- 



units linked in glycosidic union (22). The presence of the ne:?ly formed 

(,e ' .&r',:, ,c 1. i .- .,,,._ "iil:' i'&/,:i;,*z y 
cc>sule containing tb& tyoe-spaciffc @ysaccharide ccnfers on the transformed 

A - 
, 

cells all the distinguishing characteristics of Pneumococcus Type III. Thus, 

_. CL+,:& 
it is evident that the inducing substance and theAsubstance produced in turn 

are chemically distinct and biologically specific in their action and that 

both are requisite in detercning the type specificity of'the cell of which 

they form a part. 
: . 

I 

"rhe experimental data presented in this paper strongly suggest that 

nucleic acids, at least those of the desoxyribose type, possess different 
.;.- 
i ' : 

: 
specificities as evidenced by the selective action of the transforming 

. , .'\ > ._ ,:: ..- 
1 principle.-':.Indeed, thk possibility of the existence of specific differences 0 .,.. : . . . 
i . . . 

in biologicaibehavior of nucleic acids .has previously been suggested (23, 24) 
. . . ~~ . ., - .-~ 

!' .c 
. . . ,,y--.- r. .- -:. .-.': '. . 

! but hai-n&r-been exse*imeniaily demonstrated owing 
,- : ' ~.-:\,,:;i.y, 'I:y;.:;,..‘.> : ," 

in pz.rt at least to the 
-\ _ :."-:. ,. _. .- I_ .. -.? )',_ ;.<: ZT -,-:;;-,,.' -. --> 

-lack of.s;litiible'biological methods. ..; ___I .,;. __. .;.. .-. . . . - The techniques used in the .study of 
: _" 

.* ‘i'./ . . ! ,.', ; .: *' .;: ~..'~.~*+,,.y.; '.i . .f$ :. : ._-.. y,;- : .;-. 
transfOrlpt$On a$peu to afford a sensitive means ok &sting the v&dityAc, : . ., .i J _- . :.;,.+. i . .-..~-,::~- - Y 

, - 
,..’ ~..--yy-+y----- ,, .,. . /” 

_ . . 

: ‘*> it is ultimately proved beyond reasonable daunt that the *- 

transforming activity of the‘material described is actually an inherent 



property Of the nucleic acid, one mmt still account on a chemical baLiis 

for the biological specificity of its action. At first glance, ima~oiogi~al 

methods would appear to offer the ideal means of determining the differential 
: . . . 

. 

s,Decificity of this ~OU? o f biologically important substances. Although the 

constituent units and general pattern 0 f the nucleic acid molecule have been i 

defined, there is as yet relative>J little knom of the possible effect that 

subtle d?ferences in molecular configuration may exert on-the biological 

N specificity of these substances. Eo:rever , since nucleic acids free or combined 

with histones or protanines a?- -= not known to function antigenically, one gould 
. 

not anticipate that such differences would be revealed by immunological 
.-., 

techniques. Consequently, it is perhqs not surprising that highly purified 
G 

and protein-free preparations of desorq-yribonucleic acid, although extremely 
c . . . 

-._ . active in inducing transformation, showed only faint trace reactions in . 
\ \ : . 1 . 

.-.:"' 

* precipitin tests with potent Type.111 antipneumococcus rabbit sera. 
-:. \ ., . . : ..'Y! 

if, : 
e v-- _."L- -From these limited observations it would be unwise to draw any 

; \ . 1‘ 
i conclusion concerning the immunological significance of the nucleic acids 

j ,'... : until further knoxledge on this phase of the problem is available. Unless 
/ 

i 

/* I- _-. 
special immunochemical methods can be devised similar to those so successfully 

I 
I 
: 
i 

used in demonstrating the serological specificiky of simple non-antigenic 
i ..-A 
i- 

.. :,; . - .i I 
4 .~ : --.,, I. .:.--=; : _--_. .I _. ,.~, . ._ .y.> .,,. , . i 

..-- _ .- _ _. 



I 

s  Su!.xkances,  ,, : it a?r)ears tk ;z t the techniques  eqloyed in the s tti;r of 

transformation are the only  ones available at FreSent for tes ting possible 

differences  in the biologica l behavior of nucleic  ac ids . ; :: / .C-- -- 

Attempts to induce transformation in suspensions  of resting ce lls  
. 

held under conditions  inhibiting groifih and multiplication have thus far 

proved.unsuccessful, and it seems probable that transformation occurs  O IQJ 

during active reproduction of the ce lls . Important in this  connection is  the 

fac t that the R cells , as well as those'that have undergone transformation, 

presumably also ali other var iants  and typzsof  pneumococci, contain an 

, 
intkce llular enzyme which is  reie&sed during autoly s is  and in the free s tate 

--. 
is ,capable '6f rapidly  and comsieteiy  destroying the activity of the transforming * : 

: '- . . . 
.- . . 

.,. . . . 
agent. ..It would appear, therefore, that during the logarithmic  phase of grorkh 

_ _ :.. .>. .. : _ . 
.,.-i-‘.... ‘)., _... ;;. _ _ . . 

leas t apparent, the cu ltural leas t apparent, the cu ltural 
i i 

1 ,. 

, - .; ,' 
destruction of the ,transforming agent destruction of the Stransforming agent 

release of autoly tic  ferments. I \ 
,,.,.-e.e.*-..~r~-- rN.rutr *.,, u,qu rN.rutr *.,, u,qu *..L.*-. i -l., ,,_,_. 7i..i:-.- 

In the present s tate of kno:&adge any interpretation of the any interpretation of the 

/-' /-' I .y'-:.:. _ I .y'-:.:. _ -...:-~----.,. -...:-~----.,. ;. ;. . . -. T ry  ._ . . -. T ry  ._ 
mechanism involved in.trans formation must 'of neces&ity be'prely theoreticzl..,\~Y~S'~'~~~j mechanism involved in. transformation must 'of necessity  be'prely theoreticzl..,\~Y~S'~'~~~j 
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The biochemical events underlying the phenomenon suggest that the transfo&&g-' The biochemical events underlying the phenomenon suggest that the transfo&i&-' 

. 



prinCi?h interacts with the R ceii. giving rise to a coordinated series of 

: enzymatic reactions,that culminate in the synthesis of the Type III capsular 

.antigen. The exper&nent&fi&&gs have clearly demonstrated that the induced 
.. . . . 

alterations are not random changes but are predictable, always corresponding 

, : .  _’ 
.  .  in type specificity to that of the encapsulated cells from which the transforming 

substance was isolated. Once transformation has occurred, the newly acquired 

characteristics are thereafter transmitted in series through innumerable 

transfers in artificial media without any further addition of the transforming 

. 
agent. Moreover, from the transformed cells,themsclves, a substance of 

3 

“'identical activity can again be recovered in amounts far in excess of that . ,. . . : '.. . 
. . :. 

originally 5dded to induce the change. .It is evident, therefore, that not .: 

.only is the c&l& material reptioduced in successive generations but that 
. ,. 2 :.: . ..-,._. ..:...,. ;.. -. I' . A. -_ _..-. ..'_*. ..I i yr.;; . 

the primary factor, '. : ! .. . - ,. “ __ 
'the~t%sforming principle itself)which controls the : _ .~ ..:-'1-r ..l .: .I .,__ 1 _ ;, -. -.I -, . . -. 8. "-> -.. 

.: : : ,,. '. -yr--:-$ ., . . . . . ., '". ,-.‘ 
! ._ : occurre$e and siecificity of capsular development, is'also reduplicated in : :. I/ i... ':' ' .;:! -~.~~;;':~~ '. 

the daughter cells. The induced changes are not temporary modifications b&t 

are permanent alterations which persist provided the.cultural conditions are 

favorable for the maintenance of capsule foktion. The transformed cells -. c __ - 
, 

can be readi>J distin,&shed from the parent R.forms not alone by serological 

rezctions but by the presence of a newly formed and visible capsule which is 

-- -.- .-__ .-_ 



the immunological unit of typo specificity and the accessory structure 
:. 

_. 
” -. ._, ., _,-_ ;.: essential in determining the infective capacity of the micro-organism in '- " , .:' ._.._: ;"', ;. .: ._ 

., .L:fs:-.:. ~: . ;;- . . y..,. ..> ..,, - .'-' 
., .: ':! , ..,:'<d. .-.the . . .: - animal body. . . 7 'i__ _- 

It is particularly significant in the case of pneumococci that the 

experimentally induced alterations are definitely correlated with the 

. development of a new morphological structur e and the consequent acquisition 

* 
Of new antigenic and invasive properties. Equally if not Core significant 

i is the fact that these changes are predictable, type specific, and heritable. 

Various hypotheses have been advanced in explanation or' the nature 
. 

- :. '. , : ..!of the'changes induced. 
_.'. *,: '. . In his original description of the phenomencn 

.- . -.. .. 
', i . . 

-. .. i '. 
: '.a . ;-.i. 

Griffith,(l).suggested that the dead bacteria,in the inoculum might furnish . . ;..i-. ,.. ;.: _y ~. . .. t . . d ,c(& ~~cl6lC.S 
some specific protein that serves as a t'pabulum18 ZW&S&&S the R form to 

.'7 _. ., - A '9 . I .* _. . . 
--: ~manufac,ture~a capsular carcbhydrate. ' ; .>...‘i., -,, .' 
.* !.'. .. , ..,-&o-re'recently the phenomenon has been interpreted from a genetic 

: : , : '. .:, .;.. 
,l...., ',, -i '; 

-7 ...- 
_. . . 

! 
.pbint of view (26, 27). The inducing substance has been likened to a gene, 

-i . . ,. .' 
and the capsular antigen which is produced in response to it has been regarded 

as a gene product. In discussing the phenomenon of transformation Dobzhansky 
. / x -- 

(27) has stated that "if this transformation is described as a genetic 

3 

_- -- 



.' 
mutation ~ - and it is difficct to avoid so describing it - we are dealing .:- -: -. .: "L .‘. :.. 1. .: _'. . _. . ..- .,. ; .:_ .I f . . __ . . . . .'. : ': ,.,:Pe. .: ,.. - . : -,* i ..:: -2;. -;, __,_ with authentic cases of induction of specific mutations by 'specific 'r -.'. . : 

-' -?_ -,j,-, r~ __. ~ : -. . . ::;~“"-..; :II .-T : . . . . :;.:.&-:.. (1 '.. 'y . . .:'- .-_ :.~,.-.-:.-'-;:=. I- . ..-.I'.. . : .I . . . -. . . . .._,__ ..<. _ ., : y.:'.:.' r '. . 
.,. treatments . ..'I . 

Another interpretation of the phenomenon has been suggested by 

: 
Stanley (28) who has drawn the analogy between the activity of the transforming 

agent and that of a virus. On the other hand, Wrphy (29) has compared the 

causative agents 

He has suggested 
-. . 

. 

of fowl tumors with the transforming principle of Pneumococcus. 

that both these groups :,' agents be termed Vkxnsmissible 

. 
. 

mutagensI in order to differentiate them from the virus group. Whatever may 
.:-5. ., ' I 

'. ‘k. , ' 
._ .._ St:-, ._,. _ ,:., -,‘.-.I- . . prove to be Ithe correct interpretxtion, 
. . .._ .:,_. _ ,.-. _ these differences in vie&point indicate . . . .: ..*. 

.:-. :;:. I.- ,_ 
-.--.. ;. ., *;,. .q , f _,, y “' y- ,,: -. the implic,ations of the phenomenon of transformation in relation to similar 
'. .q:...~. , . 
.-.' ::.. :. , . : ;'.Y -.-- . . f:, _' 

._ -* .- 1 1 1 .- . . . . ,.. . .'.: .- . __ .pr&j 

. . 
: : 

:. due td minute amounts of some other substance adsorbed to it or so intimately 
: :. 

: . : : i... : ;.. . 
associated-with it as to escape detection. If, however, the biologically 

.,/' . 
active-substance isolated in highly purified form as the sodium salt of --- 

desoxyribonucleic acid actually proves to be.the transforming principle, 



, 

i 
I -_. _.. ;.‘/ ._ .-. . _ .Z’_ ‘,’ .“_’ ‘.. ‘. - .‘....> ...L 

. . . . ‘: -:r. ..-. __.. ,.c: : .’ .* -’ .‘. 

! 
i 

as the available evidence strongijr suggests, then nucleic acids of this ';'JFe _' 
. . . '. *: : .' ,. . 

must be regarded not merely as structurally important but as functionally ~.$ j-.x '.:-. . . _ 
. . 

active‘in 'detkining the biochemical .%CtiVitieS and specific ~~~cteristic~ 1 T _,, L 
of pneumococcal cells. c Assuming tha t the sod-urn desoxyribonucleate and the ‘4 

active principle are one and the same substance, then the transformation . 

described represents a change that is chemically induced and specifically' 

directed by a knovm chemical compound. If the results of the present study 

. 7 
on the chknical nature of the transforming principle are confJ.rmeQ, then 

nucleic acids must be regarded as possessm,, ' P  biological specificity the ' 

. 

., 

. -“'chemical basis of which is as yet undetermined. ,(‘. 

.; . . 3:. . . .' . '. 
.i.. -. : :, _'_ - : , ,.:. : . . . 

.. 

The evidence presented sup*rts the belief that a nucleic acid of . .'.‘.,' : : . .' -_ I . . -. 
: . . the desoxyribose type.is.the fundamental unit of the &ansforming principle ., 

. . '._ '._ 
* , , ,_ 

1: ', . . . . .I *. of Pneumo'c&<yy .Type III. ,: 
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